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CHAPTER 1
GENERAL

1-1. Purpose.

This manua establishes the minimum design re-
quirements for sanitary landfills, provides engi-
neering criteria for construction, and lists recom-
mended practices for planning and feasibility
studies.

1-2. Scope.

This manual explains applicable laws and regula-
tions, solid waste disposal aternatives, site selec-
tion considerations, design criteria, construction
methods, and operating practices for sanitary land-
fills. Only disposal of non-hazardous solid waste at
Army instalations is addressed. The information
described herein is applicable to feasibility studies
aswell as design work.

1-3. References.

Appendix A containsalist of references used in this
manual.

1-4. History of Solid Waste Disposal.

a. Before World War 11, the Army disposed of
refuse on land (open dumps) in remote areas of the
installation and burned the combustible materials
periodicaly. The Army did not adopt sanitary
landfilling as a solid waste disposal practice until
1942, when published instructions recommended
that refuse be compacted into trenches and covered
dally with soil. In 1946, the Army published TM 5-
634, which provided specific guidance. At that
time, the primary emphasis of waste disposal was to
reduce garbage odors and blowing litter and to
control insects and rodents.

b. The 1958 version of TM 5-634 was the first
Army guidance to address landfill site selection.
Although site selection criteria dealt mainly with
distance to refuse sources and access to the site, the
manua did indicate that landfill sites should not
have surface or subsurface drainage that might
pollute a water supply.

C. These practices were undoubtedly considered
“state of the art” and environmentaly safe at the
time. This view prevailed, even though it was
common practice to codispose waste engine ail,
spent solvents, industrial sludges, and municipal
type wastes together in the landfill. Furthermore, no
one considered that these liquids might escape from
alandfill and serioudy contaminate surface waters

or subsurface aquifers or otherwise harm the
natural environnment. In the 1960’s and 1970’s
engineers started designing sanitary landfills that
relied on the depth to ground-water, and biological,
chemical, and physical mechanisms of the soil to
protect the ground-water. However, more recent
findings have proven that these natural mechanisms
do not fully protect the environment from methane
gas, a by-product of decaying organic matter, or
from leachate. Because of these past practices,
many of these old “ sanitary landfills” are now found
to be “hazardous waste sites.”

1-5. Current Practice.

a. Inthe past, uncontrolled refuse disposal had
many undesirable effects on Army installations, and
the environmental legislation developed to control
such wastes forced authorities to require
improvements in refuse disposal processes. Surface
and ground-water contamination, explosive hazards
associated with uncontrolled methane gas
production, increased vermin activity, and the
obvious problems with refuse odors, are the main
factors to consider in design of a sanitary landfill.

b. Options avalableto diminate the quantity and
specific types of refuse in sanitary landfills include
incineration, recycling, composting yard wastes and
landfills designed for a specific waste requiring
permits (e.g. hazardous waste landfills, asbestos
landfills, etc.). So there might be less transport of
refuse, placement of landfills close to the center of
population would be the most desirable situation
for the designer. Adverse public sentiment and the
cost and availability of land usually are the deciding
factors for locating a landfill, which make
transporting the refuse to a more advantageous
location the preferred option for many authorities.
New technologies that can produce a closed landfill
system, a self contained system resulting in very
little impact on the surrounding environment, have
resulted in more restrictive legidation and
regulations for sanitary landfills. Therefore, Site
selection and proper landfill design are considered
the most important factors in the refuse disposal
process.

1-6. Laws and Regulations.

a. Federal.
(1) 40 CFR 240 and 241. For the design and
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operation of new landfill sites, 40 CFR 240 and
241 were implemented by the Solid Waste Dis-
popsal Act of 1965 as amended by the Resource
Recovery Act of 1970. These regulations, which
were promulgated by the U.S. Environmental Pro-
tection Agency (USEPA) and are mandatory for all
Federd agencies, and require control of leachate to
prevent degradation of surface and groundwater
quality.

(2) CFR 40, Part 257. 40 CFR 257 provides
guidance on evaluating existing landfill sites to
determine if they are suitable for continued use. In
essence, this regulation states that landfills that
pollute surface waters or contaminate underground
drinking water sources should be considered “open
dumps’ and therefore must be either upgraded or
safely closed.

(3) 40 CFR 258. In September 1991, 40 CFR
258 was promulgated. It provided further location
restrictions, operating criteria, design criteria,
ground-water monitoring, corrective action re-
guirements, and closure and post-closure care re-
guirements. Specific requirements of 40 CFR 258
are explained in applicable chapters of this manual.

(4) Leachate. Landfillsthat release leachate into
surface waters or underground drinking water
sources can aso be subject to the provisions of
either the Clean Water Act (OWA) or the Safe
Drinking Water Act (SDWA). Contaminants enter-
ing the ground-water, which are determined to be
priority hazardous pollutants, require remedial
action under either SDWA or the Comprehensive
Environmental Response, Compensation, and Lia-
bility Act (CERCLA), referred to as the “ Superfund
Law.”

b. Army. AR 200-1, chapter 6, provides basic
Army policy and guidance on solid waste manage-
ment. However, this document provides little infor-
mation regarding the requirements for leachate
control or long-term care. Consequently, managers
of solid waste activities at Army installations must
refer to the aforementioned Federa regulations, and
state and local authorities to determine the full
extent of requirements.

c. Sate.

(1) Enforcement of Federal solid waste regula-
tions is now delegated to many states. The law
delineating state responsibilities is the Resource
Conservation and Recovery Act (RCRA). The
mechanism used to discharge this responsibility is
the Solid Waste Management Plan, developed by a
state and approved by USEPA. An outgrowth of
these management plans is definitive state regula-
tionsthat prescribe design and operating standards
for landfills. Most state regulations also require

that every landfill operator obtain a permit for each
fecility, and that a registered professiona engineer
design the disposal facilities.

(2) A mgority of states specifically require
ground-water monitoring systems, and many of the
remainder have generd authority to impose ground-
water monitoring on asite-gpecific basis. Almost all
of the states have either requirements in their
regulations, or have general authority to impose
corrective action. Approximately half of the states
require methane gas monitoring and/or surface
water monitoring. While most states have generd
guidelines or requirements for facility closure and
post-closure maintenance requirements, these
requirements vary widely in stringency.

(3) Most states have issued separate regulations
on hazardous waste management. Consequently,
whenever a leachate release contains a hazardous
substance, corrective action will be required and
will be guided primarily by these regulations.

1-7. Solid Waste Characteristics.

In the past, lawn and garden trimmings have made
up approximately 12% of the waste in municipal
landfills. Much lower amounts can be expected
from most Army insdlations. Also, many
ingtallations and municipalities are no longer
disposing of yard or garden wastes in sanitary
landfills, instead the waste is land farmed or
disposed in non-sanitary landfills, such as approved
fill areas. To further reduce the waste streams,
many installations now burn wood, recycle metal
and other materials, and use dirt, concrete, and
brick for erosion control projects. The make-up of
landfills vary, but if an installation limits solid
wastes to what would normally be placed in a
municipd landfill, the composition should compare
with table 1-1.

1-8. Alternate Disposal Methods.

a. Alternatives. The using service will select the
method of solid waste disposal to be used. The
options generaly available are contractua ar-
rangements, sanitary landfills, and incineration, but
new methods may be introduced as they become
economicaly viable. The preferred method of solid
waste disposal is to participate in aregiona solid
waste management system, if feasible. In the
absence of a regional system, contractual
arrangements for hauling and/or disposal with a
public agency or a commercia entity may be
practical. When contractual arrangements are
impractical and where conditions are suitable,
alternative methods to sanitary landfills may in-
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Table 1-1. Typical Composition of Municipal Solid Wastes

Component

Food wastes

Paper

Cardboard

Plastics

Textiles

Rubber

Garden trimmings
Wood

Miscellaneous organics
Glass

Tin cans

Nonferrous metals
Ferrous metals

Dirt, ashes, brick, etc.

Percent by mass

Range Typical
6-26 14
15-45 34
3-15 7
2-8 2
0-4 0.5
0-2 0.5
0-2 12
0-20 2
0-5 4
4-16 4
2-8 4
0-1 4
1-4 4
0-10 4

Reprinted, with permission, from Peavy, Rowe, Tchobanoglous, Environmental Engineering, 1985, p. 577, by McGraw-Hill Book

Company.

clude incineration with energy recovery, recycling
of suitable materials, and composting organic mat-
ter.

b. Comparison of Alternatives.

(1) Sanitary landfilling is generdly preferred
over other alternatives, because there is less han-
dling and processing of materials. However, a
landfill may not be the most economical or envi-
ronmentally preferred method. The rapid filling of
available stes, and outdated containment systems of
exiging landfills have forced authorities to consider
dternative disposal methods. A combination of the
options listed above may be the best solution, but
may depend on severa factors at the installation,
including: the type of refuse, availability of land for
Site selection, incinerator accessibility, economic
feasbility for recycling usable materias, suitable
locations for large quantity composting, and
possble contractual arrangements that would
combine several of these methods.

(2) The main advantage of a sanitary landfill is
that handling and processing of refuse is kept to a
minimum. Handling is limited to the pickup and
transport of the waste, the spreading of refuse, and
covering with a suitable cover material. Composting
requires more handling before it is stored to
decompose, and may only be suitable for disposing
of organic matter such as yard waste. Therefore,
composting may not be a viable alternative for a
majority of the situations. Recycling requires that
only specific materials be processed, and requires
more handling than most other methods, but can
reduce solid wastesin alandfill by as much as 30%.
After the material is collected, it may go through
various changes and processes, at a substantia

expenditure of energy, beforeit resultsin areusable
form. Recyclable materias include paper, plastics,
glass, metals, batteries, and automobile tires.
Incineration with energy recovery has been used for
some time, but has come under increased scrutiny
because of new laws and regulations aimed at
reducing air pollution and the resulting products of
incineration may be even more dangerous than
origindly thought. Clean air laws, and negative
public sentiment may require additional expense and
waste treatment that can make incineration the least
favored aternative. Ash residue and bulky refuse
which are not burned during incineration will till
require disposa. The man advantage of
incineration is the capability to reduce landfill use
by 70-80%.

(3) The critical factors which must be consid-
ered include: the possibility of surface and ground-
water contamination, explosions from gases gener-
ated by waste decomposition, airborne ash from
incineration, odors from the composting process,
and the lack of suitable sites with the capacity for
long term use are critica factors which must be
congdered. Design authorities must make decisions
which are critical to the areas surrounding the
proposed sanitary landfill. Selecting a method for
proper and complete disposa can be a very intricate
process.

1-9. Solid Waste Stabilization in a Sanitary
Landfill.

a. Alternatives. While past designs required that
landfills recaive extended maintenance after closure,
increasingly stringent regulations and the shrinking
availability of suitable sites for landfills may force

1-3
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the designer to consider some of the new
technologies that can speed up solid waste stabili-
zation. Stabilization is achieved by the degradation
of the deposited refuse, mainly through de-
composition, which reduces the pile volume and can
lead to surface subsidence. Landfill designs offer
two options: dry or seded landfills; and wet
landfills.

b. Dry Landfills. Dry landfills are designed to
seal off the solid waste in hopes of reducing
leachate production, therefore decreasing the possi-
bility of leachate leakage outside of the landfill
system. Unfortunately, studies show that solid waste
stabilization is limited with the “dry” system.
Archaeological investigations have found 20 years
old refuse in existing landfills which was preserved
from the elements. Because the waste was seded
off, it was protected from the rotting influences of
air and moisture. While this method may require
low maintenance, it could possbly require
maintenance for several decades, with little actual
stabilization or decomposition of the solid waste.

c. Wet landfills.

(1) Biodegradation. Current studies have shown
that wet systems, or landfills that use leachate
recirculation, are becoming the favored option when
consdering solid waste stabilization as a priority for
the landfill. Since most biodegradation results from

complex interactions of microbia bacteria, these
“wet landfills’ may aso require the addition of air
aong with the recirculation of leachate. Lined
landfills that have been properly designed and
constructed provide leachate containment with a
low risk of leakage.

(2) Gas Generation. Methane gas generation is
considered to be a problem a some landfills.
Therefore, the production of methane and other
gases should be considered in the design. The
economics of extracting methane gas as an energy
source makes accelerated methane gas production
a benefit of wet landfill designs. This may require
that containing and recovering the methane gas be
made part of the landfill design.

(3) Sabilization Time. The main advantage of
awet [andfill isthe increased rate of stabilization of
the solid waste in the landfill. Studies show that the
process of leachate recirculation can speed up the
rate of waste decomposition, by an active biological
processin alandfill from 50 or more years for adry
landfill, to just 5 or 10 years for awet landfill. Long
term financid savings through eliminated or
reduced maintenance and long term monitoring may
outweigh the initid start-up costs and requirements
for leachate recirculation, and should be considered
in the design of the sanitary landfill.
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CHAPTER 2

PLANNING

2-1. Feasibility Investigation.

The feasibility report for a new sanitary landfill
should summarize the findings from an investigation
of factors discussed herein, and should include
advantages and costs of waste recycling, volume
reduction, and waste minimization. The options for
a new landfill must be investigation; these options
include prolonging the life of an existing landfill,
aternate disposal methods, and use of regiona or
private facilities. Army policy is to participate in
municipal or regional solid waste management
programs and to use municipal, regional, or private
contractors for solid waste services whenever the
life cycle cost (LCC) of such servicesis less than
125 percent of the LCC of Army owned and
operated services. There should aso be definite
environmental advantages to the Army. In those
cases where an inddlation sanitary landfill is
recommended, plans will be included which show
existing conditions and final conditions, the topog-
raphy at the landfill site, surface drainage, quantity
and location of cover material, supporting facility
requirements, and recommended operational
procedures covered in TM 5-634. Environmental
documentation must be prepared in accordance
with AR 200-2. Most states also have their own
procedures for documenting the feasibility of a
landfill project and site.

2-2. Operational Data for Planning.

a. General. Every effort should be made to
maintain design intent during the operation of the
landfill. Operational data which will be provided
by the using service will include a detailed de-
scription of mechanica equipment to be used for
handling refuse and operating the landfill, and the
methods of solid waste placement that will be used.

b. Waste Characteristics. The using service
should have data on the solid waste for which
disposd is required, including the types of waste,
the amounts, and the variations in delivery rates.
When possible, the information should be based on
an anaysis of solid wastes from the installation on
which the project isto be located, or from asimilar
ingtdlation. For new ingtdlations, an anaysis can be
made based on the population to be served and
other magjor sources of solid waste. The daily per
capita quantity of solid waste for troop facilitiesis
typically 4 to 6 pounds of combined refuse and

garbage. Thisrate is based on effective population,
which is the sum of the resident population plus
one-third of the nonresident employees. For indus-
trial facilities, an anadysis of the operation is
required.

c. Operational Equipment The using service can
provide information on the equipment to be used,
both for collection and ddlivery, and sanitary landfill
operation. Thiswill include any planned changesin
equipment. The capabilities of this equipment must
be considered in evaluating factors such as access
roads, grades, drainage, and operation in severe
climates.

d. Operational Methods. The two most com-
monly used methods of operating a landfill are the
area method and the trench method. Selection of
the most appropriate method depends on local
conditions. In the area method, waste is placed in a
large open excavation, is spread and compacted,
and then covered with suitable material. The trench
method takes its name from the fact that waste is
dumped into a trench and then covered with
material from the trench excavation. Typica area
and trench operations are shown in figures 2-1 and
2-2. Detailed procedures are contained in TM 5-
634 and DA Pam 420-47. The expense of lining
sde dopes generally makes the trench method less
desirable than the area method. The design
presented in this manua is a combination of the
area and trench methods.

2-3. Site Selection.

a. Planning. Site sdlection is very much a part of
the design process, and could be considered the
most critical step in establishing a landfill disposal
facility. Landfill siting must be a balance between
minimizing haul distances, which impacts the
economics of the landfill, and maximizing distances
from housing areas, inhabited buildings and other
undesirable locations. Larger installations may
require more than one landfill when justified by
savings resulting from reduced haul distances. It is
recommended that a preliminary closure plan be
drafted prior to the site selection to ensure that the
closure is considered. There are many uses for
properly closed landfill sites. These include many
areas of interest to an ingtalation, such as
recreational parks, parade grounds, and parking
lots.
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Figure 2-2. Typical Area Landfill Operation.

b. Other Considerations. The selection process
must consider ground and surface water condi-
tions, seismic impact zones and fault areas, geol-
ogy, soils and topographic features, solid waste
types and quantities, geographic factors, and aes-
thetic and environmentd impacts. Environmentally
senditive areas, including wetlands, 100-years
flood-plains, permafrost areas, critical habitats of
endangered species, and recharge zones of sole
source aquifers, should be avoided or receive low-
est priority as potentia locations for landfill dis-
posal facilities. These areas might require a com-
prehensive study of the location with respect to
environmentally sensitive conditions.

(1) Airports. No portion of a landfill can be
within 10,000 feet of arunway end used by turbojet
arcraft or 5,000 feet of runway end used by piston-
type aircraft. If asite under consideration is within

5 miles of any runway end, the Installation
Commander or hisher representative must notify
the affected airport authority and the Federal
Aviation Administration (FAA).

(2) Wetlands. All infringements into wetlands
will be avoided. Redtrictions and considerations for
impacting wetlands are in 40 CFR 258, 33 CFR
320, and EO 11990.

(3) Selamic Impact Zones. Areas of high earth-
guake activity will be avoided. No portion of a
landfill shdl bein a seismic impact zone, as defined
in 40 CFR 258, unlessit is designed to resist the
corresponding pressure.

(4) Unstable Areas. Karst terrain will be
avoided. Before a landfill can be located in a
geologically unstable area it must be demonstrated
to the appropriate state agency that the integrity of
the liner system and other structural components
will not be disrupted.
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Figure 2-1. Typical Trench Landfill Operation.
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(5) Cover. There should he asufficient quantity
of on-site soil suitable for use as cover material.

(6) Existing Ste Utilities. Sites traversed by
underground pipes or conduits (for sewage, storm
water, etc.) must be rejected unless their relocation
isfeasible.

T™ 5-814-5

(7) Access. Preferred access to the siteis over
an existing secondary road net with all-weather
capability and direct routes to the landfill. Use of
primary roads, roads through housing areas or
roads crossing mgor highways creates both a safety
hazard and a nuisance.
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CHAPTER 3

DESIGN

3-1. General.

a. Proper desgnisvital to the successful opera-
tion of alandfill disposa facility in even the most
suitable location. All technological aternatives
which meet requirements of the proposed landfill
should be reviewed prior to incorporation into the
design. The design should produce alandfill capa-
ble of accepting given solid waste materials for
disposal. To serve as a basis for design, the types
and quantities of all refuse expected to be disposed
of at the landfill should be determined by survey
and anaysis.

b. Inaccordance with 40 CFR 241, site develop-
ment plans should include:

() Initid and final topographic maps a contour
intervals of 5 feet or less.

(2) Land use and zoning within one quarter of
amile of the ste, and airports that could be affected
by birds near the [andfill. Land use drawings should
include housing and other buildings, water wells,
water courses, rock outcroppings, roads, and soil
or rock borings.

(3) Utilities within 500 feet of the site.

(4) Buildings and facilities associated with the
landfill.

(5) Groundwater monitoring wells.

(6) Provisonsfor surface water runoff control.

(7) Leachate collection and treatment or dis-
posal system.

(8) Gascallection control and disposal system.

(9) Final cover system.

(10) Liner system.

c. Plans should be accompanied by a narrative
and drawings which describe:

(1) Planned or projected use of the completed
site.

(2) Programsto monitor and control gases and
leachate.

(3) Current and projected use of water re-
SOurces.

(4) Elevation, movement, and initial quality of
groundwater which may be affected by the landfill.

(5) Groundwater testing program.

(6) Description of soil and other geologic mate-
riasto adepth sufficient to determine the degree of
ground-water protection provided naturally.

(7) Potentia for leachate generation.

(8) Vector controls.

(9) Litter control program.

(10) Operating procedures.
(11) Closure.

3-2. Health and Safety.

The design will produce a sanitary landfill which
does not threaten the health and safety of nearby
inhabitants, and which in general precludes the
following:

a. Pollution of surface and ground-waters from
landfill generated leachate.

b. Air pollution from dust or smoke.

c. Infestation by rats, flies or other vermin.

d. Other nuisance factors such as odors and
noise.

e. Firesand combustion of refuse materials.

f. Explosive hazards from methane gas gener-
ated within the landfill.

3-3. Volume Minimization.

Reducing the need for alandfill should be a priority
for dl ingtalations. The type and extent of
compaction should be considered in design to
reduce landfill volume. Recycling and other meth-
ods of reducing landfill volume are discussed else-
where in this manual.

3-4. Site Layout.

The configuration of the landfill, supporting build-
ings, and access roads should be to facilitate
effective sormwater drainage, erosion control, lea-
chate collection, and operation at a minimum cost.
The layout should make optimum use of the
existing terrain to minimize excavation and con-
struction costs. Supporting buildings should be near
the landfill. If the waste is to be weighed, a truck
scale should be adjacent to the access road and
dtuated where al vehicles entering and exiting the
landfill must pass directly in front of the scale. A
typical site layout is shown in figure 3-1.

3-5. Trench Design.

a. Capacity. Commonly 1,000 to 1,200 pounds
of refuse requires 1 cubic yard of landfill volume.
Under ideal conditions compaction rates of 1,800
pounds of refuse per cubic yard and higher have
been achieved. Volume requirements for a new
landfill should be determined by assessing opera-
tions at the landfill being closed or replaced. In the
absence of existing data, the capacity will be based
on 1,000 pounds of refuse per cubic yard of landfill
volume.
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Figure 3-1. Typical Landfill Site Layout.

b. Trenches. When designing the landfill the
designer must consider the method of construction
and operation. In the engineering report provided
to the owner/operating agency, the designer must
show location and orientation of the working face
and explain how the landfill is to be operated and
constructed. Considerations in design are:

(1) Earth cover should be moved as little as
possible, and over the shortest distance feasible.
Use all excavated materia continuoudly as cover
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to minimize stockpiling. However, provide one
area for stockpiling material to be used for fire
fighting.

(2) Begin excavation and filling at the lowest
point of the leachate system to facilitate gravity
flow and to dlow collection of al leachate from the
very beginning of the landfill's life.

(3) If feasble, lay out trenches such that refuse
will be placed along the side of the trench facing the
prevailing winds in order to reduce windblown



litter. Indicate on the drawings the direction of
prevailing winds, and where landfilling is to begin.

(4) Do not alow surface stormwater to enter
trenches.

(5) The floor of the landfill must havea2to 5
percent slope to drain leachate toward the collec-
tion system. Follow the slope of the original grade
to minimize excavation, and keep the depth uniform
to minimize leachate pumping.

(6) Provide side dopes of 3 feet horizontal to 1
foot vertical or flatter.

(7) Provide a roadway constructed so that
wastes can be placed at the bottom of the working
face during inclement weather. The road surface
and slope are dependent on actual site conditions.
A crushed stone surface and a maximum 6 percent
dope are recommended. The minimum width must
be sufficient for two trucks to pass in opposite
directions unless anticipated traffic does not war--
rant it.

(8) To minimize the amount of stormwater
coming into contact with the waste, the trench can
be constructed as a series of cells separated by
berms or by alternating the direction of the bottom
dope as shown in figures 3-2 and 3-3. See figure 3-
4 for atypica berm detail.

(9) Provide for simple construction and opera-
tion methods.

(10) For ssmple and economica operation, all
wastes should be placed in a single trench unless
directions are given to segregate certain wastes.

c. Final Cover.

(1) 40 CFR 258 provides the following design
criteria for final coversto minimize infiltration and
erosion:

(a) Provide a hydraulic barrier of at least 18
inches of earthen material that has a permeability
lessthan or equd to that of the bottom liner system
or natural subsoil, but not greater than 1 x 10°
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cm/sec.

(b) Provide an erosion layer of at least 6
inches of earthen materia capable of sustaining
native plant growth.

(c) The designer can submit an dternative
design which must be approved by the appropriate
State or Federal agency.

(2) The actua design, however, will be depen-
dent on field conditions. A general design shownin
figure 3-5 conssts of 12 inches or more of top soil,
followed by a 12 inch drainage layer of sand, and a
hydraulic barrier of 24 inches of compacted clay
over a gas collection system. Dran tile or
perforated pipe can be installed in the drainage
layer to facilitate drainage, however, they must be
designed to prevent crushing. There must be 12 to
24 inches of compacted soil between the gas
collection system and the compacted waste. If a
sufficient quantity of good quality clay is not
available, a40 mil thick flexible membrane liner (20
mil minimum) is recommended. In some states both
a compacted clay layer and a flexible membrane
liner arerequired. Grass or other native vegetation
with finely branched root systems that will stabilize
the soil without penetrating the hydraulic barrier
must be planted. Trees must not be allowed to
grow in the cover unless necessary for the planned
find use of the landfill, and then must be enclosed
in planters. Generally, a much thicker soil layer is
required for planted trees.

(3) Generdly, the drainage layer will consist of
course sand, but if there is concern that burrowing
animals may penetrate the hydraulic barrier, the
drainage layer should be comprised of aggregate.
The size of the selected aggregate is dependent on
the types of burrowing animasfound in the area. In
most cases, size 357 per ASTM D 448 should be
specified. Size 357 is comprised predominantly of
2-inch stone with a small percentage as small as
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Figure 3-2. Typical Trench Bottom Separated by Berms.
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Figure 3-3. Alternate Trench Bottom Design.

3/16 of an inch. However, to prevent undue stress
on the liner the aggregate must be separated from
the liner by alayer of sand or permeable soil.

(4) Tominimize erosion the top grade must be
doped in accordance with local design standards to
form a crown (a 2 percent slope is common). Side
dopes should be 3:1 or flatter. (See fig 3-6).
Drainage ditches around the perimeter of the
landfill should carry stormwater away from the
landfill quickly and should not cross over the
landfill. Windbreaks at dopes facing prevailing
winds can be used to minimize wind erosion.

d. Ultimate Use of a Landfill Ste. The use
which isto be made of the landfill site after closure
should be decided during the initial planning stage.
Uses which are typical at military installations are
playgrounds, parks, and other recreational purposes
during the near term, and parking areas or light
industry following stabilization. Construction on a
completed landfill should not be programmed until
dte and subsurface investigations have verified that
damaging settlement or gas generation would not
occur. Instalation master plans will be used in
siting a proposed sanitary landfill to assure that

ACTIVE CELL

& CELL SEPARATION BERM

FLEXIBLE MEMBRANE LINER

congruction on the site is not contemplated before
the refuse has fully stabilized.

e. Access Road. The access road should not
cross completed cells. An al-weather road should
not cross completed cells. An al-weather road
should parallel the trench outside the landfill area.
Branch roads should lead into the trench to the base
of the working face. Generaly, the branch road will
come down the dope of the cell under construction
and cross the berm to the working cell.

3-6. Leachate Control.

a. General.

(1) Leachateisaliquid generated as a result of
percolation of water or other liquid through
landfilled waste, and compression of the waste as
the weight of overlying materials increases. Lea
chate is considered to be a contaminated liquid,
since it contains many dissolved and suspended
materials. Good management techniques that can
limit adverse impact of leachate on ground and
surface waters include control of |eachate produc-
tion and discharge from alandfill, and collection of
the leachate with final treatment and/or disposal.

_

5’ MIN,

3 -— 2-5% SLOPE

{ T
1.0

STORMWATER COLLECTOR

ANCHOR LINER PER
MANUFACTURERS”
INSTRUCTIONS

Figure 3-4. Typical Berm Detail.
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Figure 3-5. Typical Cover and Gas Venting System.

(2) The minimization and containment of lea-
chate within a landfill ultimately depends on the
design of the landfill. Providing an impervious
cover, minimizing the working face of the landfill,
and limiting liquids to household containers and
norma moisture found in refuse, are all methods
that will minimize leachate production. Studies
show that recycling leachate through the landfill can
speed up stabilization.

b. Composition of Leachate.

(1) The composition of leachate will determine
the potentia effect it will have on the quality of
nearby surface and ground-water. Specific contam-
inants carried in leachate vary, depending on what
is in the solid waste, and on the simultaneous
physcd, chemical, and biological processes occur-
ring within the landfill.

(2) Thechemica and biological characteristics
of leachate depend on constituents found in the
solid waste, the age of the landfill, degree of
compaction, and climatological conditions, which
includes ambient temperature and rainfall. Y oung
landfills, generaly those less than 5 years old,
produce leachate with a high organic content made

up primarily of fatty acids. Leachate from older
landfills may have only 10 percent organic content,
which will be predominantly humic and fulvic acid.
In some landfills the metals content in the leachate
has decreased with age, but in many others it has
greatly increased with age. Leachate from younger
landfills generally has a higher pH than older
landfills. Table 3-1 lists some of the characteristics
and common constituents of leachate for municipal
landfills.

(3) Requirements for controlling leachate from
sanitary landfills are based on Federal and state
laws and regulations.

c. Leachate Collection.

(1) Design of Callection Systems.

(a) The fundamental approach in controlling
leachate is first to confine leachate to the limits of
the landfill, then to collect and dispose of it safely.

(b) For collection techniques to be successful
an impermegble soil barrier or artifical liner must be
in place to confine the leachate, and to deliver it to
the disposa site. The most common type of
collection system utilizes gravity drainage and
consists of alayer of sand and/or gravel underlain

3-5
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Figure 3-6. Typical Side Slope Construction Detail.

with perforated pipes that carry the leachate to a
collection point. Figure 3-7 shows examples of
collection systems.

(c) Underlying the leachate collection system
must be acomposite barrier consisting of aflexible
membrane liner (FML), over a minimum depth of 2
feet of compacted soil having a hydraulic
conductivity no greater than 1 x 107 cm/sec. In
most cases, alayer of clay with a minimum 3-foot
depth should be specified. While the USEPA has
established aminimum FML thickness of 60-mil for
high density polyethylene (HDPE), and 30-mil for
other FML materias, a greater thickness is
recommended. The type of materia and its
thickness must be selected based on the conditions
anticipated. HDPE is more chemically resistant and
stronger than PV C and other types of material due
to its rigidity. However, PVC and more flexible
materids conform better to settling and large
deformations in the underlying materia than does
the rigid HDPE. Liner manufacturers should be
consulted to determine acceptable materials.
Genegrdlly, more than one materiad will be
acceptable for each design. Figure 3-8 shows a
typica liner system.

(d) Liner Placement. Where settlement is a
concern or the underlying soil contains coarse
material, a geonet layer can be used as a cushion
under the liner. Geonet is a net-like product where
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srands are crossed to form a grid. It can serveas a
protective layer or a drainage media. When placed
over the liner, it protects the liner from gravel or
crushed stone in the drainage layer and can replace
all or part of the drainage layer. Geotextile fabric
must be placed between the soil cover and the
drainage layer and aso between the soil or drainage
layer and the geonet.

(2) Pipe Location. Pipelocation and placement
are critica to leachate collection system perfor-
mance. Failure of the collection system may result
from crushing or displacement of pipe caused by
equipment loading and/or differential settling. A
pipeisbest protected when it is placed in atrench,
with careful consideration given to proper bedding
and to solid waste loading conditions over the pipe.
The trench provides added protection for the pipe,
especidly during placement of the first lift to waste
when the pipe is most susceptible to crushing.

(3) System Redundancy. Design redundancy is
important to minimize the effect of any single
falure. The system should be able to remove
leachate from any point in the facility by more than
one pathway, such asthrough the gravel bedding in
the trench as well as the piping system. One of the
primary ways to provide redundancy is to design
collection laterals so that drainage requirements can
be met by the gravd layer alone if flow through the
pipe is restricted. Collection laterals are pipes and
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Table 3-1. Leachate Characteristics and Common Constituents.
Typical
Constituent Concentration Concentration
(in mg/L except where noted) Range * Range
Biochemical Oxygen Demand, 5-day (BOD) 4-57,70 1,000-30,000
Chemical Oxygen Demand (COD) 31-89,520 1,000-50,000
Total Organic Carbon (TOC) 0-28,500 700-10,000
Total Volatile Acids (as acetic acid) 70-27,700 *x
Total Kjeldahl Nitrogen (as N) 7-1,970 10-500
Nitrate (as N) 0-51 0.1-10
Ammonia 0-1,966 *k
Total Phosphates 0.2-130 0.5-50
orthophosphates 0.2-130 *k
Total Alkalinity (as CaCO,) 0-20,850 500-10,000
Total Hardness (as CaCOj) 0-22,800 500-10,000
Total Solids 0-59,200 3,000-50,000
Total Dissolved Solids 584-44,900 1,000-20,000
Specific Conductance (umhos/cm) 1,400-17,100 2,000-8,000
pH (units) 3.7-8.8 5-7.5
Calcium 60~-7,200 100-3,000
Magnesium 17-15,600 30-500
Sodium 0-7,700 200-1,500
Chloride 4.,7-4,816 100-2,000
Sulfate 10-3,240 10-1,000
Chromium (total) 0.02~18 0.05-1
Cadmium 0.03-17 0-0.1
Copper 0.005-9.9 0.02-1
Lead 0.001-2 0.1-1
Nickel 0.02~-79 0.1-1
Iron 4-2,820 10-1,000
Zinc 0.66-370 0.5-30
Methane Gas (percent composition) (up to 60%) *k
* %

Carbon dioxide (percent composition) (up to 40%)

* Based on data collected by U.S. Army Corps of
Engineers, Construction Engineering Research Laboratory

** No data presented

trenches that are placed paralel throughout the
liner, at a spacing and dope determined by the
designer. Collection laterals must be designed to
discharge to treatment and/or disposal facilities. In
addition, laterals should be spaced so that if one
lateral is totally blocked, liquid can be removed
through an adjacent lateral.
(4) Maintenance.

(a) One of the most important considerations
is to design the system to facilitate inspection and
maintenance. There should be access to al parts of
the system. This includes the placement of
manholes and cleanouts so that maintenance
equipment can reach any length of pipe. The design
should consder minimum pipe sizes, distance
between access points, and maximum pipe bends
accessible by cleaning equipment. Pipes and
manhol e penetrations through the liner must be
minimized. When the liner is penetrated, consider-

ation should be given to making the penetrating
material the same as the liner material. To avoid a
penetration, riser pipes with a sump pump at the
bottom can be laid on the side dopes above the
liner. If amanholeis placed inside the liner a bed of
soil must be placed between the manhole and the
liner. All manholes must be vented to release
landfill gases. (Seefigs 3-9 and 3-10.)

(b) 1t is extremely important to design a
collection system to avoid clogging. For example,
settling of solids can be avoided by properly
selecting grain Size distribution in the filter material
to exclude solids. Asthe permeability of the drainer
layer decreases the dope must increase. If a
sufficient quantity of permeable material is not
avalable, asynthetic geonet or drainage net can be
used. The drainage layer should be at least one foot
thick and be composed of fine gravel and course
sand with a minimum hydraulic conductivity of 1 x
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Figure 3-7. Leachate Collection Systems.

102 cm/sec. A slope of 2 to 5 percent must be
provided to maintain flow velocity during leachate
collection so that solids do not settle out.
Maintaining velocity will also help prevent biolog-
ical and chemicd processes that produce additional
solids. Callection pipes should be placed in atrench
where the top of the pipe is no more than one pipe
diameter below grade, and the entire trench is
wrapped in a geotextile blanket. (See fig 3-11).
Collection pipes should be situated where |eachate
will travel no more than 200 feet (preferably 100
feet or less) through the drainage layer before being
intercepted.

(5) Additional Protection. If leachate is ex-
pected to be extremely hazardous, or if the landfill
islocated in an environmentally sensitive area, then
either a double composite liner with backup
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collection system, or alesk detection system will be
required as determined by the responsible agency.
A discussion of such systems may be found in TM
5-814-7.

(6) Transport for Treatment The using service
will determine the method of leachate disposal.
Therefore, requirements for transporting leachate
should be a part of that decision process.

d. Leachate Treatment

(1) Before atreatment plan can be formulated,
the quantity and quality of leachate should be
determined. Factors which influence leachate qual-
ity include:

(a) Refuse composition.
(b) Landfill age.

(c) Refuse depth.

(d) Refuse permeability.
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(e) Ambient temperature.

(f) Available moisture from the surrounding
environment.

(9) Molecular oxygen levesin therefuse. The
three primary reasons for assessing leachate quality
before determining the type of treatment required
are to:

(1) Identify whether the waste is hazardous.

(2) Design or gain access to a suitable waste-
water treatment plant.

(3) Develop a list of chemicas for use in a
ground-water monitoring program. See table 3-1
for leachate characteristics and common constitu-
entsfound in landfill leachate. Leachate quantity is
greatly dependent on the landfill design. A quantity
estimate of leachate should be provided before
deciding which treatment/disposal methods will be
used.

(2) Offsite Treatment. The most common and
often the most economical method for treatment of
leachate is to discharge to a municipal sewage
treatment plant (STP) offsite. While there is little
data available, some plants have accepted high
strength leachate in quantities of 2 to 5 percent of
the total daily flow to the plant, and have reported
no adverse impact. However, moderate increases in
oxygen uptake, foaming and odors may occur, in
addition to increased sludge production and metals
concentrations in the sludge. Treatment at a mu-

nicipal STP avoids the cost of onsite facilities, the
need for personnel to operate them, and future
operational problems which can result when lea-
chate characteristics change as the landfill ages, or
leachate volume decreases below the design
capacity of an onsite treatment system.

(3) Onsite Treatment.

(a) Ongtetreatment is generally used only at
large, remote landfills. Biological treatment
processes are most often used for leachate from
landfillslessthan five years old, and physical/chem-
icd treatment processes for landfills more than ten
years old. Combinations of the two are necessary
for landfills between five and ten years old.

(b) Biological treatment removes most dis-
solved organics, heavy metals, nutrients such as
nitrogen and phosphorus, and colloida solids. Typ-
ical biological processes include: activated sludge,
stabilization ponds, rotating biological contactors,
and trickling filters.

(c) Physcd/Chemica processes include: am-
monia stripping to reduce ammonia to nontoxic
levels, carbon absorption to remove a variety of
organic compounds, chemical oxidation (chlorina-
tion) for disinfection, ion exchange to remove
soluble metalic elements and certain anions and
acids, precipitation, flocculation and sedimentation
to remove particulates and soluble heavy metals,
reverse 0SMosis to separate out dissolved salts and
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organics, and wet air oxidation to remove highly
toxic organics.

e. Final Disposal. Leachate may be (1) dis-
charged to a surface water through a National
Pollutant Discharge Elimination System (NPDES)
permit, (2) discharged to a land application system,
or (3) recirculated back to the landfill. Recirculation
can accelerate waste stabilization in the land-fill,
but does not eliminate the need for ultimate
disposa of the leachate. The exception is arid
regions where the soil and refuse attenuation
cgpability eiminate |eachate production. Discharge
to a municipa STP eliminates the need for a
separate NPDES permit for the leachate.

3-7. Gas Control.

a. Production. Although gas generated within
some types of landfills may be negligible, most
landfills are expected to generate a significant
quantity of gas. The quality of gas depends mainly
on the type of solid waste. As with leachate, the
quality and quantity of landfill gas both vary with
time. The following discussion on gas quality and
quantity pertains mainly to landfills with municipal
type wastes, which would be expected at most
installations.

(1) Quality. Landfill gases, specifically methane
gas, are natura by-products of anaerobic microbial
activity in the landfill. The anaerobic process
requires water and the proper mix of nutrients to
maintain optimal conditions. The quality of gas
varies with time, and may be characterized by four
distinct phases. In the first phase, which may last
severa weeks under optimum conditions, aerobic

decomposition takes place depleting the oxygen
present and producing carbon dioxide. In the
second phase, the percentages of both nitrogen and
oxygen are reduced very rapidly, and anaerobic
conditions lead to the production of hydrogen and
carbon dioxide, the latter reaching its peak during
this phase. Some experts consider the second phase
to have started when the free oxygen is depleted. In
the third phase, the percentages of carbon dioxide
and nitrogen are reduced significantly, hydrogen
and oxygen concentrations are reduced to zero, and
the percentage of methane increases rapidly to
reach arelatively constant level. The fourth phase,
which occurs after the landfill has become more
gtable, may be termed pseudo steady-state because
the percentages of methane, carbon dioxide, and
nitrogen al reach stable vaues. The time
dependency of methane production is critical for
landfill gas recovery and reuse projects. In most
cases, over 90 percent of the gas volume produced
from the decomposition of solid wastes consists of
methane and carbon dioxide. The current procedure
of seding off landfills to maintain a dry env-
ironment significantly slows these four phases. A
typical andyssof landfill gasis shown in table 3-2.

(2) Quantity. The quantity of gas generated
depends on waste volume, waste composition, and
time since deposition of waste in the landfill, as
summarized above. Methane production ranges
from 0.04-0.24 cubic feet per pound of waste per
year. Gas production may be increased by adding
nutrients, such as sewage sudge or agricultural
waste, the remova of bulky metallic goods, and the
use of less daily and intermediate cover soil.
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Table 3-2. Typical Composition of Stabilized Mun1c1pa1
Landfill Gas (Waste Volume <0.46 million yd ).

PARAMETER Percentage or Concentration
Methane 30-53%
Carbon dioxide 34-51%
Nitrogen 1-21%
Ooxygen 1-2%
Benzene ND-32 ppm
Vinyl chloride ND-44 gpm
Toluene 150 ppm
t-1,2-Dichloroethane 59 ppm?
CHC14 0.69 ppm?
1,2-Dichloroethane 19 ppm?
1,1,1-Trichlorethane 3.6 ppm?®
cCl, 0.011 ppm?
Trichloroethane 13 ppm?
Perchloroethane 19 ppm?

8Maximum concentration from a survey of 20 landfills.

ND--not detected.

Reprinted, with permission,

from Bagchi, Amalendu,

Design, Construction and Monitoring of Sanitary Landfill,

pP. 47, 1990, by John Wiley

Promoting stabilization in the landfill, such as
designing for a "wet landfill”, as discussed else-
wherein thismanud, isa method for increasing the
production of gases, specificdly methane. The daily
soil cover may inhibit gas movement and
interaction, and create pockets of gas which restrict
gas collection. Some authorities have used a spray-
on foam to prevent the wind from scattering loose
debris, thus reducing anima scavenging on the
working face of the landfill. The foam dissipates
when mixed in with the working portion of the
landfill on the next day, so it will not restrict the
flow of landfill gases, if that isa priority.

(3) Regulations. The landfill authority should
insure that all Army, Federal, state, and local
regulations are followed concerning gas collection
and release, or recovery and reuse. Approximately
hdf of the states and territories require methane gas
monitoring. Monitoring is generally conducted at
the periphery of the landfill ste by selecting
possible migration routes that could produce a
safety hazard.

b. Collection. If gas is expected to be generated
inalandfill, then arrangements should be made for
proper venting or extracting the gas, and
subsequent treatment provided where desired or
required. Whether or not gas should be vented from
alandfill depends on the following.

(1) Venting Issues. The following issues should
be considered before deciding on gas ventilation
from alandfill:
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(a) Gas pressure. A gas pressure build-up
estimate should be made. The pressure generated
by landfill gases should be low enough so as not to
rupture the landfill cover. If gas generation is
expected from waste biodegradation and/or from
physica/chemica processes, then venting of the gas
is recommended.

(b) Stress on vegetation. Landfill gases
that diffuse upward through the landfill cover may
have an effect on vegetation growing above. This
stress may cause vegetation to deteriorate or die,
which in turn will lead to increased erosion of the
final cover.

(c) Toxicity of the gas. The toxicity of land-
fill gases should be studied. Release of gases by
diffuson through the final cover is unavoidable
without using a very high grade material. The
diffusion rate, concentration of the gas, and its
toxicity will determine whether such release will
violate air quality regulations. In some cases a high
grade, impervious cover may be required.

(d) Location of the landfill. Gases diffusing
through a landfill cover may pose a health risk to
the resdent population in the immediate vicinity of
the landfill. Proper monitoring should be provided.

(e) Explosive potential The USEPA rein-
forced concerns about proper gas explosion control
relative to landfill facilities and structures at the
property boundary. These are addressed in 40 CFR
258.23.



(2) Passive Venting. Passive venting systems
are ingtalled where gas generation is low and off-
site migration of gas is not expected. Essentially
passive venting is suitable for small municipa
landfills (less than 50,000 cubic yards) and for most
nonmunicipal, containment type landfills. A typical
system may congist of a series of isolated gas vents
that only penetrate as far as the top layer of landfill
waste. No design procedure is available to calculate
the number of vents required, but one vent per
10,000 cubic yards of waste may be sufficient. The
more stringent requirements for landfill liners which
exist today will help prevent gas movement away
from the landfill site. Some techniques, such as
gravel filled trenches and perforated pipes, not only
help direct the flow of leachate, but assist in the
passive venting of landfill gases. A passive gas vent
is shown in figure 3-5. A typical gas venting layer
is composed of sand or fine aggregates. If fine
aggregate is used, a layer of sand must be placed
between it and the flexible membrane liner.

(3) Active Venting. An active venting system
consists of a series of deep extraction wells con-
nected by header pipe to a mechanical blower, that
either delivers the gas to a combustion boiler for
energy reuse, transports it to an on-site waste
burner, or smply releases it to the atmosphere. An
active system is more effective for controlling gas
movement than a passve system, but the layout and
design of an active system is much more detailed.
An active system will require as much engineering
and design effort as other piping systems that
contain or transport potentialy hazardous
materials.

(4) Gas Release. Whether landfill gases can be
released to the atmosphere either before or after
burning depends on the following:

(&) Chemical constituents of landfill gases.
Hazardous air contaminants such as vinyl-chloride
or benzene may be present in landfill gases, and
combustion may produce other harmful chemical
by-products. Air quality regulations may not permit
the release of these chemicals.

(b) Landfill location. If the landfill islocated
near or within acommunity or neighborhood, then
gas collection and disposa techniques may be
necessary to minimize the nuisance of odors, and
the explosive potentia of the gas.

c. Gas Disposal No one plan for gas disposal
will be suitable for al landfill situations. Each
design will require different design decisons rela-
tive to acceptable landfill wastes, |eachate control
and treatment, liner design, and gas production
expectations. The primary options for gas disposal
include: venting to the atmosphere, collecting for
transport and disposal off-site, collecting and burn-
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ing, and finaly collecting for beneficial energy
reuse. Most decisions regarding landfill gas disposal
will depend on local regulations.

3-8. Runoff Control.

a. General. Control of storm water runoff at a
landfill disposal facility is necessary to minimize the
potential of environmental damage to ground and
surface waters. Direct surface water contamination
can result when solid waste and other dissolved or
suspended contaminants are picked up and carried
by storm water runoff that comes into contact with
the working face of the landfill. Uncontrolled
surface water runoff can aso increase |leachate
production, thereby increasing the potentia for
ground-water contamination. The resulting
unwanted gas generation may aso increase the
potential for explosions.

b. Criteria. The USEPA requires a storm water
control system to prevent surface water discharge
into the working portion of the landfill during a
peak storm discharge, defined as a 25-year storm.
Surface water runoff control should be accom-
plished at a landfill disposal facility in accordance
with the following:

(1) Landfill digposd facilities should be located
and designed so that the potential for surface
drainage from adjacent areas onto the landfill is
minimal. Control is accomplished by constructing
diversion structures to prevent surface water runoff
from entering the working portion of the facility.

(2) Landfill disposal facilities should be
equipped with suitable channeling devices, such as
ditches, berms or dikes, to divert surface water
runoff from areas contiguous to the landfill.

(3) Precipitation that fadls on a landfill will
either infiltrate into the soil, run off the site, or be
reduced by evapotranspiration or direct evapora-
tion. To control leachate generation the fina cover
on the landfill should inhibit moisture penetration
and limit surface erosion. This can be done by
sloping the final side grades at a maximum of 30
percent to enhance runoff.

(4) Well-compacted, fine-grained soils should
be used for thefina cover to promote surface water
runoff by minimizing infiltration.

(5) Ground cover and plant growth should be
included to aid in erosion control and to help
dissipate moisture in the soil.

(6) Runoff which does not come into contact
with the working portion of the landfill, and thusis
not contaminated, should be dispersed overland to
reduce the flow rate and suspended solids load.
Other sedimentation control measures such as
retaining ponds may be equally effective.

3-13
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3-9. Support Facilities.

a. General. Inplanning asanitary landfill, con-
dderation will be given to support facilities, that are
based primarily on the size of the operation and the
climate. Support facilities must be tailored to the
specific landfill. These facilities generaly include
the following:

b. Administration/Control and Sorage Build-
ings. Control buildings, administrative offices, and
storage areas are designed to meet the needs of the
user. Showers and lockers should be provided for
operators if feasible, and if not readily available
elsewhere. At a minimum, a small building or
semiportable shed with sanitary facilities should be
provided. If trucks entering the landfill are to be
weighed or monitored, a control room is needed
adjacent to the truck scales and roadway. It can be
a separate building or part of the administration

building. The control room operator must be able
to see down the roadway in both directions. A
typical floor plan is shown in figure 3-12.

c. Truck Scales. Truck scales are readily avail-
able commercialy and should be designed based on
the size and type of trucksto be used. Scales can be
low profile and ingtalled on top of the ground. High
profile scales are generaly ingtaled in pits. If
drainage is such that water may collect in the pit,
low profile scales are recommended. A straight
truck approach is needed and in most cases a
concrete approach ramp is required. This will
prevent the scale from being covered with mud
during wet periods.

d. Utilities. Power for lighting and water for
employee use should be provided when feasible.
However, these are not essential and extremely
long utility runs are rarely justified. Fire protection
is to be based on user requirements. However, in
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most cases the high cost of fire protection at
remote sites is not justified since buildings in this
Sizerange are relatively inexpensive.

e. Processing Equipment. Refuse handling and
processing equipment has not typically been pro--
vided at military ingdlations. There may be specific
cases where the type of waste present or the local
climate make it desirable to shred the waste or use
a solid waste baler. Prior to using this type of
equipment at a military installation, the regional
office of USEPA should be contacted for approval.

3-10. Closure.

a. Before closing alandfill, the final cover must
be installed as described in paragraph 3-5c, or as
approved by the state regulatory agency. Closure
activities must begin no later than 30 days after the
last waste is received unless it is reasonable to
expect additional waste. However, even if addi-
tional waste is expected, the landfill must be closed
if no wasteisreceived for one year (longer periods
must be approved by the state).
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b. Inaccordance with 40 CFR 258, post-closure
care must be provided the landfill for a period of 30
years after closure. Each component of the landfill
must be designed to maintain its integrity and
effectiveness for the operating life of the landfill
plus 30 years. Post-closure activities must not
disturb or dter these systems. At a minimum, post-
closure care includes maintaining the final cover,
operating and maintaining systems for |leachate
collection, leachate treatment (if installed), gas
collection, monitoring and disposal, and ground-
water monitoring. The design must include a
permanent access road.

c. Prior to recaiving waste at the landfill, a post-
closure plan must be prepared and maintained on
file. The plan can be prepared by the designer of the
landfill. At a minimum, the plan must include:-

(1) A description of the monitoring program.

(2) The point-of-contact for the closed landfill
(with title, office, address, and phone number).

(3) A desription of the planned use of the site.
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CHAPTER 4
CONSTRUCTION AND OPERATION

4-1. Construction Sequence.

a. All trenches should be constructed as a series
of cells sized by the designer in the most cost
efficient manner. Cells should be divided by berms
or other means, and storm water should be elimi-
nated from the working portion of the landfill. The
purpose of this approach isto minimize—

(1) The size of bottom and cap liners.

(2) The quantity of excavation required.

(3) The area of woodlands cleared. Efficient
use of the landfill area should be maximized. The
amount of initial excavation will be minimized
because, while one cdll is being filled with waste,
the next cell in sequence is being partialy exca
vated. When the current working portion is com-
pleted, the liner system should be extended over the
newly excavated cells. Once the new cells become
the active cdlls, the cap system will be extended
over the completed cells.

b. All of the first cell and approximately half of
the second cell will be excavated at the outset of
the project. (See fig 4-1). The leachate collection
system and landfill liner will be ingtaled in the
completed cell.

c. After thenext cel isexcavated and before the
active cdl isfull, the composite liner and leachate
collection systems will be extended over the new
cell. The anchors will be excavated and the liners
connected to form a continuous liner system. If
berms are used, the berms will be left in place to
separate leachate in each cell. Once the next cdll
becomes the active cell, al completed cells will be
covered with the final cap and the gas venting
system will be installed. The cap liner and gas
venting system for each cell will connect to that of
the adjacent cdllsto form a continuous system. The
driveway into the landfill will be moved as needed
to accommodate construction.

4-2. Construction Practices.

Important considerations in construction are:

a. Construction equipment must never operate
directly on or above alandfill liner and/or drainage
layer. All soil and layers on waste must be pushed
ahead of equipment as operations progress. Even
foot traffic should be kept to a minimum on mem-
brane liners, and heavy boots should not be worn.

b. A good access road must be maintained in the
trench with additional subbase installed between the
roadbed and the drainage layer below.

c. Membrane liners are highly susceptible to
expansion and contraction during temperature
changes, and must belaid in such away asto avoid
undue stress on the seams.

d. Black liner materia readily absorbs heat and
can result in hazardous working conditions and bad
seam construction. To avoid this, seaming should
not be done during hot periods when the
temperature exceeds 90 degrees F. Seaming is
generaly done during morning hours after dew has
evaporated. Also, in most locations it is best to
schedule work in the spring or fall.

e. Liners should be held in place by anchor
trenches, sand bags, or soil cover. Anchor trenches
are commonly used at the top of side dopes, but
should not be compacted firmly. It is better for the
liner to dip dightly than to cause stress. Methods of
anchoring a liner should be coordinated with the
liner manufacturer.

f. If itis anticipated that aliner will be exca-
vated and extended to cover a new cell at alater
date, a minimum 5-foot edge of liner materia
should be protected to provide a clean, smooth
surface for future seaming. One method of doing
this is to sandwich the end between two pieces of
liner before it is buried under a berm or anchor
material.

g. Require the contractor to write the name of
the seam ingtaller dong the side of the seam. This
will improve the quality of work.

h. Seaming of wet membrane surfaces will not
be allowed.

4-3. Construction Quality Assurance.

a. All piping systems and compacted clay liner
shall be inspected and tested in accordance with
applicable standards. The construction contractor
shall be required to submit field installation direc-
tionsfor the flexible membrane liner as supplied by
the manufacturer, in addition to manufacturer
quality control guidelines. The contractor shall
follow the manufacturer’ s guidance during instal-
lation and inspection. All seams shall be visually
inspected by Government personnel in addition to
the contractor.

b. Nondestructive tests are available for various
types of liner seams. One popular method of
constructing a seam is to solvent weld two parallel
seamstogether leaving an air space between them.
This dlows an air pressure test to be conducted
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Figure 4-1. Construction Sequencing.

using an air pump to create pressure in the void.
Any leak will be quickly indicated by a drop in
pressure, and can be found by visual inspection and
listening for leaks. Soap bubbles applied to the
seam can aso isolate aleak.

c. Destructive tests must also be performed by
an independent testing laboratory. Directions for
conducting tests must be provided by the manu-
facturer and must be followed. Generdly, test strips
arerandomly cut from the liner seam at intervals of
300 to 500 feet. In addition, test strips will be taken
at al corners and pipe penetrations. Shear tests will
be performed on the strips in accordance with
ASTM D 638. Some liner manufacturers also
request a ped test in accordance with ASTM D
413, and will provide alaboratory either on or off
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site for this test. Many experienced liner installers
will perform destructive tests in the field as part of
their own quality control program. However, field
tests shall not replace quality assurance testing by
an independent laboratory.

4-4. Landfill Operations.

Proper site selection and design aone are not
aufficient to produce alandfill which protects public
health and the environment. In order to achieve
these goals, the landfill should be operated using
these guidelines.

a. Redrictions. A landfill facility for the disposal
of solid waste should be operated in accordance
with the following:



(1) Ingenerd, only wastes for which the facility
has been specifically designed will be accepted for
disposal. However, other wastes may be accepted
if it has been demongtrated to the using agency that
they can be satisfactorily disposed within the design
capability of the landfill, or after appropriate
modifications have been made.

(2) Specific wastes, whose chemical, biological
or physica characteristics are not compatible with
landfill design, location or methods of operation
will not be accepted. Also, wastes which could
pose unacceptable environmental or health risks, or
threaten the safety of personnel using the facility
will be prohibited.

(3) The Resource Conservation and Recovery
Act of 1976 (RCRA) restricts the disposal of haz-
ardous waste to landfills which are specifically
designed for those wastes. Designers will specify
which wastes may be handled at each facility, and
operating personnel will be made aware of al
restrictions.

(4) Landfill design should prohibit certain
nonhazardous solid wastes, or as a minimum
require pretreatment.

(5) Criteriafor municipa solid waste landfills,
as promulgated in 40 CFR 258, limits bulk or non-
containerized liquid waste placed in a sanitary
landfill to (a) household waste (other than septic
waste), (b) leachate, and (c) gas condensate from
the landfill itsalf.

(6) A container holding liquid wastes cannot be
placed in asanitary landfill, unlessit isone gallon in
Size or smaller, it is designed to hold liquids for
uses other than storage, or the waste held is a
household waste.

b. Cover. Most soils can serve as cover material.
Cover materia should be applied as necessary to
minimize fire hazards, odors, blowing litter, and
vector growth; discourage scavenging by animals,
control venting of landfill gases; infiltration of
precipitation; and provide an aesthetic appearance.
A minimum 6 inches of soil cover material must be
applied at the end of each working day. Cells which
will have no additional wastes placed on them for
three months or more should be covered with 12
inches of material. Synthetic cover materials, such
as geotextile products, can be used but generally
are not cost effective and their use must be
approved by the Director of an approved state
program.

c. Working Face. To provide additiona protec-
tion for the liner system, waste will be placed on the
bottom and sides of the lined trench, and
compacted until the liner is completely covered
with at least four feet of waste and soil. Once this
four-foot layer isin place, waste will be deposited
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invertica cells on the end slope to form a working
face which will exctend across the trench and
advance toward the berm. Daily and intermittent
cover should be obtained from the adjacent cell
under construction (generally using a scrapey).
Wastes should aways be placed at the toe of the
working face. Asbestos materials must be encapsu-
lated in plastic before being brought to the landfill,
and then covered with soil or other wastes before
compaction. Uncompacted waste will be spread in
layers no more than 2% feet thick before
compacting. Once compacted, another layer can be
added and then compacted so that the waste cell
will be severa feet thick before the soil cover is
added. The working face should have a 20 to 30
percent dope, and be as narrow as feasible to
accommodate the number of trucks using the
landfill.

4-5. Equipment.

There are severa basic types of equipment used at
landfills, and each has one or more specific func-
tions. Excavation can be accomplished by a track
dozer, front-end loader, dragline, or scraper. For
landfills where excavation and filling operations are
taking place smultaneously, scrapers are most
commonly used for excavation because of their
versatility. Compared to other equipment, scrapers
are good for excavation and excellent in hauling
and spreading cover materia, while eliminating the
need for trucking of wastes. Front-end loaders are
generadly used for moving large rolls of synthetic
liner material, and spreading the liner over the site.
Dozers and compactors are best suited for
preparing the landfill base and drainage layers.
Track dozers are commonly used to spread refuse
and cover material, break up hard deposits for
scrapers, and push trees, stumps, and rocks during
clearing operations. Loaders are good for spreading
wastes a'so, but do not have the pushing power of
dozers. In general, operators find the most useful
piece of equipment to be a sted-wheeled
compactor equipped with a landfill blade. It
achieves excellent compaction and can be used for
spreading refuse and cover material. Many
moderate sized landfills are operated with a steel-
wheeled compactor, track dozer, and scraper. All
operating equipment coming in contact with solid
waste must be designed specidly for landfill use.
Equipment must be provided with guards to
prevent refuse from clogging moving parts, and to
protect operator personnel. It will be necessary to
consult with manufacturer representatives to select
the best equipment.
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4-6. Climate.

Adverse climate can severely limit the capability of
asanitary landfill, but this can be partialy overcome
by planning and modified operationa procedures.

a. Cold Weather. Extremely cold weather can
greatly reduce the biological activity in a sanitary
landfill. It is reported that in areas where winter
temperatures are less than - 30 degrees F, only
minima waste sabilization occurs. A serious prob-
lem in cold regions is frozen soil. This can be
overcome to some extent by excavating for the fill
during the summer season and stockpiling cover
material.

b. Warm Weather. Extremely warm weather
may affect workers but has no adverse impact on
landfill operations. However, as discussed previ-
oudly, hot weather will affect the installation of the
liner. For most landfills, installation of a new liner
and extension of existing liners over new cells
should be scheduled during the spring and fall
seasons. Seaming during hot mid-day periods
should be avoided.

c. Wet Weather. The mgjor problem during wet
weather is maintaining maneuverability of vehicles
and equipment used to handle the solid waste. This
can be prevented in design by selecting asitethat is
well drained and has soil that provides for adequate
vehicle handling when wet. Modifying operational
practices can aso reduce this problem. Surface
drainage can usualy be diverted away from open
excavations by careful grading as mentioned earlier.

d. Dry Weather. Dry weather problems in a
sanitary landfill are operational in nature, such as
working under adverse conditions created by blow-
ing dust, paper and debris. A certain amount of
moisture is needed for biological activity to take
placein the landfill. However, it is unusual to have
to add water for this purpose. Control of blowing
refuse can be accomplished by promptly covering
waste materials, and by erecting portable fences
downwind of the open trench.

4-7. Operating Records and Controls.

a. Reasons for Recordkeeping. Records are
maintained to determine historical operating costs,
which can be used to project future needs. Good
records are invauable in developing generd landfill
design proceduresin that capacity requirements and
operating parameters can be anayzed and
compared with other systems. Designers must also
determine how data will be collected and provide
the necessary equipment for doing so.
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b. Waste and Source Data. The most important
information in managing a solid waste system
landfill facility is the quantity, type, and source of
waste being collected for disposal. Truck scales are
employed to determine the quantity of waste from
each source. The type of wastes can be determined
from recycling programs. To assist in recycling,
waste from each truck visualy classified into the
following categories:

(1) Paper.

(2) Cardboard.

(3) Lumber.

(4) Textile products.

(5) Aluminum.

(6) Ferrous metals.

(7) Glass.

(8) Sand and gravel.

(9) Plastic.

(10) Food wastes.

(11) Concrete.

(12) Other wastes.

c. Computerized Systems.

(1) A simple, cost effective automated system
for recording waste quantities consists of a personal
computer (PC) and truck scales equipped with
digita read-out. Due to the current emphasis on
computerized systems, most digital truck scales can
be connected to computers using readily available
hardware. Manufacturers of truck scales and
computer vendors can provide the necessary hard-
ware and software packages.

(2) Computer programs for landfill management
are available commercialy from truck scale
manufacturers and independent software compa-
nies. Such commercia programs must be modified
to accommodate the needs of each specific user.
The advantage of usng commercidly available
programs is that they have been developed by
experienced programmers who have a good under-
standing of landfill operation. Unfortunately, these
companies may not be located conveniently to
many users, thus causing delays in making adjust-
ments and corrections. The ided dtuation is to have
local programs developed, thus allowing quicker
response times.

d. Trench Data. To provide datafor projecting
the life of a landfill, trenches should be surveyed
and a reference point at one end of each trench.
Periodically, the distance from the reference point
to the toe and top of the working slopes should be
recorded. From these measurements, in-place vol-
umes of landfilled wastes can be calculated. If
operation of the landfill is consstent, it can be a
monthly procedure with minimum impact on other
operations.



e. Operational Data. To determine landfill
operational requirements and associated costs, the
following information is needed:

(1) Hours of landfill operation.

(2) Hours of equipment operation.

(3) Fue consumption.

(4) Maor repairs.

(5) Hours of down time for magjor repairs.

(6) Labor hours spent on major repairs.

(7) Routine maintenance.

(8) Labor hours spent on routine maintenance.
(9) Cover materia used.

(10) Daily weather conditions.

The operational and trench data should be main-
tained in a computerized form, and aso recorded
manually in alog book.

4-8. Monitoring.

a. General. Monitoring is an essentia activity in
establishing, operating, and closing a solid waste
landfill digposal facility. Where possible, monitoring
should be coordinated with State and local air and
water quaity management activities. Landfill
disposal facilities should be monitored as follows
for the purposes of determining if and when a
contingency remedial action plan should be
implemented to correct an environmental problem.

b. Ground-water. A ground-water monitoring
system will be ingtdled a al landfill disposa
facilities which have the potential for generating
substantial quantities of leachate. In no case shall
ground-water monitoring wells be installed through
the bottom of the landfill proper since such
installation could create a conduit for the direct
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passage of leachate into underlying groundwater.
Prior to disposing of solid waste a a new landfill
facility, samples from monitoring wells will be
collected and analyzed in order to obtain baseline
data on existing ground-water conditions. Samples
should be collected from al monitoring wells and
andyzed at least once a year. The analytica
methods specified in 40 CFR 136 will be followed.

c. Facility and Sructures. All enclosed struc-
tures a a landfill disposa facility should be
monitored regularly to detect accumulations of
explosive gases such as methane. Detection of
other gases which might pose a safety hazard to
employees and workers should also be considered.
Explosive gases, can be detected with a device
caled an "explosmeter." Toxic or asphyxiating
gases should be monitored on aregular basis with
appropriate instruments.

d. Perimeter Soil Monitoring. In most cases
where landfills are lined and the material used for
daily cover is relatively porous, gases generated
within the landfill will not move lateraly away from
the site, and thus perimeter soil monitoring is not
necessary. However, if such soil gas monitoring is
required, the following shall be observed:

(1) Suitable probes should be installed in the
soil a the property boundary surrounding the
landfill to enable detection of gases migrating awvay
from the facility.

(2) Explosive gases should be monitored for
concentrations above the lower explosive limit.

(3) Toxic or asphyxiating gases should be
monitored on a regular basis with appropriate
instruments.
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